Three patients are described with slowly progressive loss of speech and dysarthria associated with orofacial dyspraxia, initially with intact written language, who subsequently developed more widespread cognitive abnormalities. Positron emission tomography (PET) revealed bifrontal hypometabolism in all of the patients, most marked in the inferior and lateral portions of both frontal lobes, with some extension into the parietal and temporal cortices in one case. These patients may represent a further example of focal progressive cortical degeneration.
Progressive neuropsychological deficits due to focal cortical degeneration have been described by a number of authors. These deficits include dysphasia,' dyspraxia or agnosia,2 and cortical blindness.3 Most of the cases reported in the literature refer to progressive language related difficulties, some of which eventually progress to more generalised cognitive deterioration. 4 More generalised cortical degenerations may also present with language difficulties, for example Alzheimer's disease (AD),5 6 Pick's disease,7 and the so-called frontal lobe dementias."9 Typically, these degenerative disorders are associated with word retrieval difficulties, paraphasias, or dysgraphia. Dysarthria with orofacial dyspraxia has not been generally recognised as a feature of a degenerative dementia, although it may occur in the context of vascular and traumatic lesions of the frontal lobes. Three patients are reported with progressive loss of speech, initially with intact written language, who subsequently developed a more widespread intellectual deficit. All had marked orofacial dyspraxia as an initial presentation. Neuropsychological and PET studies were performed in an attempt to delineate more clearly the neuropsychological and neuroanatomical correlates of this unusual clinical condition.
Case 1
A 64 year old housewife presented with a three year history of progressive speech production difficulty. One year after the onset of symptoms, her speech was noted to be effortful, with phonemic paraphasic errors, but her repetition of words was relatively satisfactory. Two years later, on assessment before PET scan, her understanding of speech remained well preserved, but her speech expression had deteriorated further. She was dysarthric, and her verbal output was limited to one or two words. In spontaneous writing, she made occasional grammatical errors, and when writing to dictation she transposed or omitted some words. She had marked orofacial apraxia, with an inability to yawn, blow out a match, or blow a kiss on request. When asked to cough, she would only say the word "cough", but was able to do so spontaneously. By contrast, she was able to copy gestures and to mime acts correctly, apart from using the flat of her hand when asked to pretend to comb her hair. Tongue movements were normal, and there were no primitive reflexes. General neurological examination was normal, as was general examination, with a blood pressure of 150/90 mm Hg. All haematological and biochemical investigations were normal, including thyroid function tests. Electroencephalography (EEG) was also normal, but a computerised tomography (CT) scan showed left frontal and anterior temporal atrophy (fig 1) .
Neuropsychological assessment was performed on three occasions. In her first assessment (August 1987) on the Wechsler Adult Intelligence Scale (WAIS),'0 she achieved a verbal IQ of 95 and a performance IQ of 108. These scores did not suggest any significant degree of general intellectual deterioration, her lower verbal IQ being mainly due to her speech Eighteen months after the onset of symptoms, he had non-fluent, dysarthric speech, with evidence of orofacial dyspraxia. Verbal comprehension and confrontational naming were excellent (allowance was made for his impaired speech production). Spontaneous writing was good, with appropriate sentence construction and choice of vocabulary. His symptoms progressed, however, and when assessed before PET scan, was described by his family as having been mute for three years. Verbal comprehension remained wellpreserved, but his writing was dysgraphic, and agrammatic. In addition, his non-verbal communication seemed to be impaired, with lack of eye contact, and difficulty in understanding gestures. He had marked orofacial dyspraxia, and was unable to cough, yawn or blow a kiss on command; tongue movements were slightly slow. He was able to cough spontaneously. In contrast, he was able to copy hand gestures, and perform transitive-and i-ntransitive mimes. Pout and snout reflexes were present, and he demonstrated "magnetic" behaviour with forced utilisation. General and neurological examination was otherwise normal, with a blood pressure of 110/60 mm mercury. All haematological and biochemical investigations were normal, including thyroid function tests. His CSF was acellular with a total protein content of 0-88 g/l, the syphilis serology was negative, and no oligoclonal bands were detected. EEG was normal, but a CT scan showed frontal and anterior temporal atrophy (fig 2) .
Neuropsychological testing was carried out on two occasions, four years apart. On first assessment (November 1984), he achieved a performance IQ of 123. He could comply with the demands ofonly three verbal subtests of the scale because of his speech production deficit, but on all of them he scored within the average range or above. On the verbal and visual versions of the Recognition Memory Test, he performed at a bright average level or above (Words 48/50 correct, Faces 44/50), and on the Unusual Views test of visual perception he scored 20/20. As noted above he presented with severe speech production deficit. He had difficulty with the repetition of single words, and his repetition of single phonemes was particularly impaired. By contrast, his naming to confrontation and word comprehension skills were very well preserved, scoring 27/30 on the Graded Naming Test and 145/150 on symptoms may have started after a social occasion when he had had to meet some of his ex-colleagues: his wife noticed that he had been extremely anxious about the occasion beforehand. On his return home, his speech was slurred for the first time, despite having drunk very little alcohol, and it did not return to normal. His speech progressively deteriorated, although until one year before presentation, he was able to communicate effectively by means of written messages. Soon after the onset of the speech disturbance, he also complained of swallowing difficulties, particularly for liquids. There was no nasal regurgitation. He continued to drive a car without getting lost, and recognised familiar faces without difficulty. On first assessment six months before the PET scan, and again four months later, his speech was hypophonic and dysarthric. Verbal comprehension appeared to be somewhat impaired, although he was able to follow a three stage command. Orofacial dyspraxia was present, with inability to cough, yawn, or blow a kiss on command, although he was able to cough spontaneously. In addition, he was unable to hold his breath, despite understanding the instruction. Dyspraxia of the limbs was also noted, with inability to copy some relatively complex hand movements, and use of body parts while miming. The rest of the neurological examination was normal, with no muscle wasting or fasciculation, normal symmetrical reflexes, and flexor plantar responses. General examination was also normal, with a blood pressure of 150/90 mm Hg. On later assessment, at the time of the PET scan, there had been further deterioration of his speech, which was barely intelligible. Grasp, pout and snout reflexes were now present, with a brisk jaw-jerk. Swallowing water induced choking. On general neurological examination, muscles were noted to be generally wasted, and he had developed scattered fasciculation and extensor plantar responses. Limb tone and power were normal, and reflexes symmetrical. Haematological and biochemical investigations were normal as was CSF examination, with negative syphilis serology. EEG, CT head scan (fig 3) and carotid angiography were all normal. Electromyography showed fasciculation with fibrillation, and sharp waves in upper and lower limbs, consistent with anterior horn cell dis- Patients and subjects were positioned on the scanning bed, with the head symmetrically aligned along the orbitomeatal line, resting in an individually made rigid polyurethane foam head mould. Careful observation of the patients and subjects throughout the scan ensured that there was no significant head movement. A 22 gauge plastic cannula was inserted into the radial artery at the wrist, after subcutaneous infiltration of long acting local anaesthetic (btpivicaine 1%). After a 15 minute transmission scan (Ge68Ga68), two consecutive emission scans were performed during inhalation of C"502, and 1502, respectively, at steady state, with a ten minute wash-out period between each scan. Finally, a further six minute scan following four minutes of C"5O inhalation, and equilibration for one minute, was collected. The emission scans were transformed into parametric images after correction for attenuation, using the arterial oxygen content and whole blood and plasma activities, measured in triplicate, during C'502, 1502, and C'50 scanning. Thus four quantitative data sets of CMRO, CBF (cerebral blood flow), and OER (oxygen extraction ratio), and cerebral blood volume (CBV) were obtained. Details of this method, and the cerebral blood volume component, have been described previously.3032 Values marked * are outside 95% confidence interval, that is p < 0-05 case, there was direct cross-referencing to the anatomical coordinate system. Visual inspection indicated that the areas of maximal hypometabolism were restricted to frontal, temporal and parietal lobes. Regions of interest were therefore placed on the anterior, middle, and posterior frontal gyri (labelled Fl, F2, and F3), the cingulate gyrus, the superior, middle and inferior temporal gyri (labelled Ti, T2, and T3), and anterior and posterior parietal areas in the right and left hemispheres. Readings were taken from those scan planes which corresponded exactly to the anatomical reference planes, according to the distance of the plane from the AC-PC line. This meant that each structure was sampled by nine regions of interest from nine adjacent anatomical planes. The value for the given structure is presented as the mean of the number of regions of interest. In addition, cerebellar cortex was sampled from the lowest two atlas planes, occipital cortex from four planes, and subcortical structures (thalamus, head of caudate and putamen) on each of three representative planes. Measurements were made from the left and right hemispheres independently.
Figure 4 Representative CMRO2 scans from all three patients, with a normalfor comparison. The results show a profound reduction in frontal lobe metabolism in all cases, affecting particularly the inferior and middle frontal gyri on both sides. In Case 2, where there was a longer history and the most severe symptoms, there was also extension into the parietal and temporal lobes on the right. Cases 1 and 3 had cortical hypometabolism restricted to both frontal lobes, particularly to the posterior frontal gyrus. In Case 3, low metabolism was also found in the left thalamus and left caudate nucleus, while metabolism in the putamen appeared to be normal.
Discussion
The association of loss of speech output and orofacial dyspraxia with frontal lobe lesions, affecting particularly the inferior and lateral portions of the frontal lobes, is in keeping with data from studies of patients with vascular lesions that have implicated the left inferior frontal lobe in the articulation of speech.35
Orofacial dyspraxia appears to be a frequent accompaniment of these lesions. A number of cases of dysarthria associated with orofacial dyspraxia due to missile injury to the left frontoparietal region, were described by Nathan,36 who used the term "cortical dysarthria" to describe loss of speech output in the presence of relatively preserved written language in these cases. Recently, three patients with permanent mutism, but completely intact written language and gestural communication, two due to trauma, and one due to bilateral vascular lesions, have been reported.37 In all cases, orofacial apraxia was also a very prominent feature, and CT scans showed bilateral low density lesions in the fronto-temporal lobes.
The authors suggest that bilateral frontal dysfunction is necessary for permanent mutism with orofacial apraxia. This inference agrees with the PET data presented here.
Although the underlying aetiology in our three cases is unknown, the slowly progressive 
